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, $\rho_{U}$ $D_{U}$ , $\rho_{L}(>p_{U})$
$D_{L}$ ( 1 ). , $g$ , $D_{L’}$ $\rho_{L}$
. , 2 ( ) $z=0$
$z=-1$ $z=D(\equiv D_{U}/D_{L})$ .
$x$ , $y$ $x-y-z$ 3 .
, ,
$h(x,y,z,t)$ ( $t$ ), $\phi_{L}(x,y,z,t)$ Laplace :
$\frac{\partial^{2}h}{\ ^{2}}+\frac{\partial^{2}\phi}{\phi^{2}}+\frac{\partial^{2}\phi}{\partial z^{2}}=0$ for $\eta<z<D$ , (1)
$\frac{\partial^{2}\phi_{L}}{\alpha^{2}}+\frac{\partial^{2}\phi_{L}}{\phi^{2}}+\frac{\partial^{2}\phi_{L}}{\partial z^{2}}=0$ for $-1<z<\eta$ , (2)
. , $\eta(x,y,t)$ ,
$\frac{\partial h}{\partial z}=0$ at $z=D$ , (3)
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$\underline{\partial\eta}\underline{\partial\phi_{U}}\underline{\partial\eta}\underline{\partial\phi}\underline{\partial\eta}\underline{\partial\phi}++=$
at $z=\eta$ , (4)
$\partial t$ a& $\partial y\Phi$ $\partial z$
$\frac{\partial\eta}{\partial t}+\frac{\partial\phi_{L}}{\ } \frac{\partial\eta}{\ }+\frac{\partial\phi_{L}}{\phi}\frac{\partial\eta}{\phi}=\frac{\partial\phi_{L}}{\partial z}$ at $z=\eta$ , (5)
$-\rho\{$ $\frac{\partial\phi}{\partial t}+\frac{1}{2}[(\frac{\partial h}{\ })^{2}+( \frac{\partial\phi}{\phi})^{2}+(\frac{\partial h}{\ })^{2}] \}$
at $z=\eta$ , (6)
$+ \frac{\partial\phi_{L}}{\partial t}+\frac{1}{2}[(\frac{\partial\phi_{L}}{\ })^{2}+( \frac{\partial\phi_{L}}{\phi})^{2}+(\frac{\partial\phi_{L}}{\partial z})^{2}]+(1-\rho)\eta=f(t)$
$\frac{\partial\phi_{L}}{\ }=0$ at $z=-1$ , (7)
, $f(t)$ (6) $Xarrow\infty$ ,
$p=\rho_{U}/\rho_{L}$ , $D=D_{U}/D_{L}$ , (8)
.
(1)-(7) :
$\phi=-v\mathfrak{r}+\Phi_{U}(x,z)$ , $\phi_{L}=-vx+\Phi_{L}(x,z)$ , $\eta=\eta_{l}(x)$ , (9)
$\Phi_{U}$ /&, $\Phi_{U}/\partial z,$ $g_{L}$ /&, $\Phi_{L}/\partial z,$ $\eta_{l}$ $xarrow\pm\infty$ , $v$
. , $v$
, .
(9) , . $p,$ $D$ ,
$v$ (Funakoshi &Oikawa 1986; Pullin &Grimshaw 1988; Tumer
&Vanden-Broeck 1988; Evans &Ford 1996; Laget&Dias 1997; Michallet& Barthelemy 1998;





, (9) . (1)-(7) (9)
$\phi=-r\alpha+\Phi_{U}+\hat{\phi}_{U}(x,z)\exp(\lambda t+i\nu)$ , (lla)
$\phi_{L}=-vx+\Phi_{L}+\hat{\phi}_{L}(x, z)\exp(\lambda t+i_{9’})$ , (llb)
$\eta=\eta_{l}+\hat{\eta}(x)\exp(\lambda t+iy)$ , (llc)
. $\lambda$ . $\epsilon$ ( $y$ ).
$\lambda$ , . $y$
$(\epsilon=0)$ (Kataoka2006),
$E(v)$ :
$E= \Gamma_{-\infty}\{\frac{p}{2}\mathfrak{t}_{1}^{D}[(\frac{w_{U}}{\ })^{2}+( \frac{n_{U}}{\phi}I^{2}\beta+\frac{1}{2}\int_{-1}’[(\frac{g}{\ })^{2}+( \frac{\mathfrak{X}_{L}}{\phi}1^{2}]dz+\frac{1-\rho}{2}\eta_{l}^{2}\}dx$ , (12)
‘\mbox{\boldmath $\theta$} $v$ ( $dE/dv=0$ )
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. (ldE/dvl<<l) , $\lambda$
$\lambda=\{\begin{array}{ll}0, \pm(v\frac{dMd\Omega}{dvdv})^{-1}\frac{dE}{dv} when \frac{dE}{dv}\frac{dMd\Omega}{dvdv}>0,0 when \frac{dEdMd\Omega}{dvdvdv}<0,\end{array}$ (13)
. ,
$\Omega=\frac{2}{v}(T_{L}-\frac{T_{U}}{D})-(1+\frac{\rho}{D})vM$ , $M= \int_{-\infty}^{\infty}\eta_{l}$ , $(14_{l}b)$
$T_{U}= \frac{\rho}{2}r_{\infty}\ r_{\eta_{l}}[(\frac{\Phi_{U}}{\ })^{2}+( \frac{\partial\Phi_{U}}{\Phi}I^{2}\theta,$ $T_{L}= \frac{1}{2}r_{\infty}dxr_{1}[(\frac{\Phi_{L}}{\ })^{2}+( \frac{\Phi_{L}}{\phi}1^{2}]dz.$ $(14c,d)$
, $M$ , $T_{U}$ , $T_{L}$
.
, $y$ (\epsilon >0)
. (lla-c) (1)-(7) , $(\hat{\phi},\hat{\phi}_{L},\hat{\eta})$ , $x$
, $(\hat{\phi}_{U},\hat{\phi}_{L},\hat{\eta})$ :
$\frac{\partial^{2}\hat{h}}{\ ^{2}}+\frac{\partial^{2}\hat{\phi}}{\partial z^{2}}=\epsilon^{2}\hat{\phi}$ for $\eta_{J}<z<D$ , (15)
$\frac{\partial^{2}\hat{\phi}_{L}}{a^{2}}+\frac{\partial^{2}\hat{\phi}_{L}}{\ ^{2}}= \epsilon^{2}\hat{\phi}_{L}$ for $-1<z<\eta_{l}$ , (16)
$\frac{\partial\hat{\phi}}{\ }=0$ at $z=D$ , (17)
$L_{U}[\hat{\phi}_{U},\hat{\eta}]=-\lambda\hat{\eta}$ at $z=\eta_{;\backslash }$ (18)
$L_{L}[\hat{\phi}_{L},\hat{\eta}]=-\lambda\hat{\eta}$ at $z=\eta_{l}$ , (19)
$L_{I}[\hat{\phi}_{U},\hat{\phi}_{L},\hat{\eta}]=\lambda(\rho\hat{h}-\hat{\phi}_{L})$ at $z=\eta_{1}$ , (20)
$\frac{\partial\hat{\phi}_{L}}{\partial z}=0$ at $z=-1$ , (21)
$\hat{\phi}(x,z)arrow 0,\hat{\phi}_{L}(x,z)arrow 0,\hat{\eta}(x)arrow 0$ as $xarrow\pm\infty$ . (22)
$L_{U},$ $L_{L},$ $L_{I}$ .
$L_{U}[\hat{\phi},\hat{\eta}]=(-\frac{\partial}{\partial z}+\frac{d\eta_{I}\partial}{\ \ }) \hat{\phi}+[(\frac{\partial^{2}\Phi_{U}}{a^{2}}+\frac{\partial^{2}\Phi_{U}d\eta_{J}}{\ \partial z\ })+(-v+ \frac{\Phi_{U}}{\ })\frac{d}{dx}]\hat{\eta}$, (23a)
$L_{L}[\hat{\phi}_{L},\hat{\eta}]=(-\frac{\partial}{\partial z}+\frac{d\eta_{l}\partial}{d\mathfrak{r}\ }) \hat{\phi}_{L}+[(\frac{\partial^{2}\Phi_{L}}{\alpha^{2}}+\frac{\partial^{2}\Phi_{L}}{\ \ } \frac{d\eta_{l}}{dx})+(-v+\frac{g_{L}}{\ }) \frac{d}{\ }]\hat{\eta}$, (23b)
$L_{I}[\hat{\phi}$
$+\{\begin{array}{l}\hat{\phi}_{L},\hat{\eta}]=-\rho[(-\mathcal{V}+\frac{g_{U}}{\partial x}I\frac{\partial}{\partial x}+\frac{\infty_{U}\partial}{\partial z\partial z}]\hat{\phi}+[(-v+\frac{g_{L}}{\partial x}I\frac{\partial}{\partial x}+\frac{\infty}{\partial z}L_{\frac{\partial}{\partial z}]\hat{\phi}_{L}}-\rho[(-\mathcal{V}+\frac{\partial\Phi_{U}}{\partial x}I\frac{\partial^{2}\Phi_{U}}{\ \partial z}+\frac{\infty}{\partial z}L_{\frac{\partial^{2}\Phi_{U}}{\partial z^{2}}]+(\frac{\partial}{\partial}\perp)\frac{\partial^{2}\Phi_{L}}{\ \partial z}+\frac{\partial\Phi}{\partial}\perp}-v+^{\Phi}xzarrow\partial^{2}\partial z^{2}\Phi+1-\rho\}\hat{\eta}.(23c)\end{array}$
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(15)-(22) , $\lambda$ . , $\epsilon$ $\lambda$
1 , .
3.
$\epsilon=0$ , (15)-(22) :
$\hat{\phi}_{U}=\hat{\phi}_{c}^{(0)}\equiv\frac{\partial\Phi_{U}}{\ }$ , $\hat{\phi}_{L}=\hat{\phi}_{LC}^{(0)}\equiv\frac{\Phi_{L}}{\ }$ , $\hat{\eta}=\hat{\eta}_{c}^{(0)}\equiv\frac{d\eta_{l}}{dx}$ , $\lambda=0$ . (24)
( $\lambda=0$ ) , $\epsilon$ $0$ , $\epsilon$
. $O(\epsilon^{-1})$ $O(\epsilon^{-2})$
,
$\lambda=\epsilon A_{1}+\epsilon^{2}\lambda_{2}$ , (25)
, (15)-(22) $\epsilonarrow 0$ .
3. 1.
$xarrow\pm\infty$ (22) , (15)-(21) , $x$ , $z$





. $\hat{\eta}_{C}=\eta_{C}+\epsilon\hat{\eta}_{c}^{(1)}+\epsilon^{2}\hat{\eta}_{c}^{(2)}+\cdots$ , (26c)
$C$ [ (\omega re solution)].
(25) (26a-c) (15)-(21) $\epsilon$ , $(\hat{\phi}_{UC}^{(n)},\hat{\phi}_{LC}^{(n)},\hat{\eta}_{C}^{(n)})$ (n=1,2, $\cdot$ ..)
:
$\frac{\partial^{2}\hat{\phi}_{c}^{(n)}}{\alpha^{2}}+\frac{\partial^{2}\hat{\phi}_{c}^{(n)}}{\partial z^{2}}=\hat{\phi}_{c}^{(n-2)}$ for $\eta_{I}<z<D$ , (27)
$\frac{\partial^{2}\hat{\phi}_{LC}^{(n)}}{\ ^{2}}+\frac{\partial^{2}\hat{\phi}_{LC}^{(n)}}{a^{2}}=\hat{\phi}_{LC}^{(n-2)}$ for $-1<z<\eta_{I}$ , (28)
$\frac{\partial\hat{\phi}_{c}^{(n)}}{\partial z}=0$ at $z=D$ , (29)
$L_{U}[\hat{\phi}_{c}^{(n)},\hat{\eta}_{C}^{(n)}]=G^{(n)}$ at $z=\eta_{l}$ , (30)
$L_{U}[\hat{\phi}_{LC}^{(n)},\hat{\eta}_{C}^{(n)}]=G^{(n)}$ at $z=\eta_{I}$ , (31)
$L_{I}[\hat{\phi}_{c}^{(n)},\hat{\phi}_{LC}^{(n)},\hat{\eta}_{C}^{(n)}]=H^{(n)}$ at $z=\eta_{I}$ , (32)
$\frac{\partial\hat{\phi}_{LC}^{(n)}}{\partial z}=0$ at $z=-1$ , (33)
,
$G^{(n)}=-4^{\hat{\eta}_{c}^{(n-1)}-A_{2}\hat{\eta}_{C}^{(n- 2)}}$ , (34a)
$H^{(n)}=4(\hat{\mathcal{M}}_{C}^{(m1)}-\hat{\phi}_{LC}^{(n-1)})+A_{2}(\hat{m}_{c}^{(n- 2)}-\hat{\phi}_{LC}^{(n- 2)})$ , (34b)
$\hat{\phi}_{c^{1)}}^{(-}=\hat{\phi}_{LC}^{(- 1)}=\hat{\eta}_{c}^{(-1)}=0$ , (34c)
. (27)-(33) , $xarrow\pm\infty$
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(24) $xarrow\pm\infty$
, c-2), $\hat{\phi}_{LC}^{(n- 2)},$ $G^{(n)},$ $H^{(n)}$
:
$\Gamma_{-\infty}(\rho\int_{\eta}^{D}\frac{\partial\Phi_{U}}{\ } \hat{h}_{C^{-}}^{(n2)}\ + \int_{-1}^{\eta,}\frac{\partial\Phi_{L}}{\ } \hat{\phi}_{LC}^{(n^{-}2)}\ ) dx+\Gamma_{-\infty}[(-\rho\frac{\partial\Phi_{U}}{\ }+ \frac{\partial\Phi_{L}}{\ })G^{(n)}-\frac{d\eta_{l}}{dx}H^{(n})]_{z=\eta_{J}}dx=0$.
(35)
[ $\iota_{=\eta_{l}}$ $z=\eta_{I}$ .
$n=1$ , (35) , (27)-(33) $\alpha$
$\hat{\phi}_{c}^{(1)}=\alpha\frac{\Phi_{U}}{\ }-4 \frac{\partial\Phi_{U}}{\partial v}$ $\hat{\phi}_{LC}^{(1)}=\alpha\frac{\delta P_{L}}{\ }-4 \frac{\partial\Phi_{L}}{\partial\nu}$ $\hat{\eta}_{C}^{(1)}=\alpha\frac{d\eta_{I}}{dx}-4\frac{\partial\eta_{l}}{\partial\nu}$ (36)
. (36) $Xarrow\pm\infty$ (22) ,
$\Phi_{U},$ $\Phi_{L},$ $\eta_{l}$ $v$ \succeq /\sim , $\Phi_{L}/\partial v,$ $\partial\eta_{J}/\partial v$ , $xarrow\infty$
$xarrow-\infty$ . (22)






. $E$ (12) , (37)
( ) :
$r_{-\infty}[\rho\int_{\eta}^{D}(\frac{\partial\Phi_{U}}{\ })^{2} \ +\int_{-1}^{\eta_{I}}(\frac{\infty_{L}}{\ })^{2} \ ]dx=E$ . (38)
(37) ,
$A_{1}=\{\begin{array}{l}\pm\sqrt{\frac{vE}{|dE/dv|}}\frac{dE}{dv}<0\pm:\sqrt{\frac{vE}{dE/dv}}\frac{dE}{dv}>0\end{array}$ (39)
, $dE/dv<0$ , .
$dE/dv>0$ , .
.
$n=3$ , (35) ,
$\frac{24^{\lambda_{2}dE}}{vdv}=[\hat{\mathcal{M}}_{c}^{(1)}\hat{u}_{UC}^{(2)}-\hat{\phi}_{LC}^{(1)}\hat{u}_{LC}^{(2)}]_{xarrow\infty}-1\hat{\mathcal{M}}_{c}^{(1)}\hat{u}_{UC}^{(2)}-\hat{\phi}_{LC}^{(1)}\hat{u}_{LC}^{(2)}1_{-\infty}$ . (40)
$[$ $]_{\kappaarrow\infty}$ $([ ]_{\kappaarrow-\infty})$ , $xarrow\infty(xarrow-\infty)$ ,
$\hat{u}_{UC}^{(2)}\cong-\iota_{l}^{D}\frac{\partial\hat{\phi}_{c}^{(2)}}{\ } \ +(-v+[\frac{\partial\Phi_{U}}{\ }]_{z=\eta_{J}}) \hat{\eta}_{c}^{(2)}$
(41a)
$=[ \hat{u}_{UC}^{(2)}\iota_{arrow\infty}-(\alpha 4+\lambda_{2})\eta_{J}+\zeta^{x}(-\int_{\eta_{l}}^{D}\frac{\varpi_{U}}{\ } dz+4^{2}\frac{\partial\eta_{l}}{\partial v})dx’$ ,
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$\hat{u}_{LC}^{(2)}\equiv\int_{-1}^{1}\frac{\partial\hat{\phi}_{LC}^{(2)}}{\ } \ +(-v+[\frac{\mathfrak{X}_{L}}{\ }]_{==\eta_{J}}) \hat{\eta}_{c}^{(2)}$
(41b)
$=[ \hat{u}_{LC}^{(2)}\iota_{arrow\infty}-(\alpha A_{1}+\Lambda_{2})\eta_{l}+\int_{\infty}^{x}(\int_{-1}^{\eta_{J}}\frac{\varpi_{L}}{\ } \ +4^{2}\frac{\partial\eta_{l}}{\partial v})dx’$
. $h_{JC}^{(1)}\wedge 1_{rightarrow-\infty}$ $\psi_{LC}^{\wedge}(1)|_{x-\infty},$ $1\hat{u}_{UC}^{(2)}|_{xarrow-\infty},$ $b^{\wedge}1_{LC}(2)1_{xarrow-\infty}lh$ , $xarrow\infty$
:




$M$ , $T_{U},$ $T_{L}$ (14b d) . (40) , (35)
$-4^{d\eta_{J}}/dx$ $(ffi_{U}/\ -\Phi_{L} /\ )$ , (30) ( (31)) $n=1$
$L_{U}[\hat{\phi}_{c}^{(1)},\hat{\eta}_{c}^{(1)}]$ ( \langle $L_{L}[\hat{\phi}_{LC}^{(1)},\hat{\eta}_{c}^{(1)}]$ ) (32) $n=1$ $L_{I}[\hat{\phi}_{c}^{(1)},\hat{\phi}_{LC}^{(1)},\hat{\eta}_{C}^{(1)}]$
. , 2 :(27) $n=2$ $\hat{\phi}_{c}^{(1)}$ ,
, (28) $n=2$ $\hat{\phi}_{L}^{(2}$ , 2
. $dE/dv>0$ , (40)
. $h_{1C}^{(1)}\wedge L_{arrow\infty}$ , $\psi_{LC}^{\wedge}(1)barrow\infty’[\hat{u}_{UC}^{(2)1_{xarrow\infty}},$ $[\hat{u}_{LC}^{(2)]_{xarrow\infty}}$ ,
. 3.3 . (32
) .
3. 2.
(25) $O(\epsilon^{-1})$ $O(\epsilon^{-2})$ . , $x$
2 , 2 :
$X_{1}=\epsilon x$ , $X_{2}=\epsilon^{2}x$ . (43)
(15)-(21) , $X_{1},$ $X_{2}$ , $z$ $[\partial\hat{h}/\partial X_{1}=O(\hat{h})$ ,




$\hat{\eta}_{F}=\epsilon^{2}\hat{\eta}_{F}^{(2)}(X_{1}, X_{2})+\epsilon^{3}\hat{\eta}_{F}^{(3)}(X_{1},X_{2})+\cdots$ . (44c)
$F$ [ (far-field solution)]. $\hat{\phi}_{F}$ , (, $\hat{\eta}_{F}$
$O(\epsilon),$ $O(\epsilon),$ $O(\epsilon^{2})$ , $xarrow\pm\infty$
((42a-d) ).
(43) (44a-c) (15)-(21) , $\epsilon$ , $(\hat{\phi}_{p}^{(n)},\hat{\phi}_{LF}^{(n)})(n=1,2,\cdots)$
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:$\frac{\partial^{2}\hat{\phi}_{F}^{(n)}}{\partial z^{\underline{7}}}=I^{(n)}$ for $0<z<D$ ,
$\frac{\partial^{2}\hat{\phi}_{LF}^{(n)}}{\ ^{2}}=J^{(n)}$ for $-1<z<0$ ,
$\frac{\partial\hat{\phi}_{F}^{(n)}}{\partial z}=0$ at $z=D$ ,
$\frac{\partial\hat{\phi}_{F}^{(n)}}{\partial z}=K^{(n)},$ $\frac{\partial\hat{\phi}_{IF}^{(n)}}{\ }=K^{(n)}$ at $z=0$ ,







$I^{(n)}= \hat{\phi}_{F}^{(n-2)}-\frac{\partial^{2}\hat{\phi}_{F}^{(n-2)}}{\partial X_{1}^{2}}2\frac{\partial^{2}\hat{\phi}_{F}^{(\kappa 3)}\partial^{2}\hat{\phi}_{F}^{(n- 4)}}{\partial X_{1}\partial X_{2}\partial X_{2}^{2}}$ , (50a)
$J^{(n)}= \hat{\phi}_{LF}^{(n-2)}-\frac{\partial^{2}\hat{\phi}_{LF}^{(n- 2)}}{\partial X_{1}^{2}}-2\frac{\partial^{2}\hat{\phi}_{LF}^{(n- 3)}}{\partial X_{1}\partial X_{2}}-\frac{\partial^{2}\hat{\phi}_{LF}^{(\sim 4)}}{\partial X_{2}^{2}}$ , (50b)
$K^{(n)}=(4-v \frac{\partial}{\partial X_{1}})\hat{\eta}_{F}^{(n- 1)}+(\lambda_{2}-v\frac{\partial}{\partial X_{2}})\hat{\eta}_{F}^{(\primearrow 2)}$ . (50c)
, $\hat{\phi}_{F}^{(m)}(m\leq 0),\hat{\phi}_{LF}^{(m)}(m\leq 0),\hat{\eta}_{F}^{(m)}$ (m\leq l) . $\hat{\eta}_{F}^{(n)}$ (n=2,3, $\cdot$ ..) , $\hat{\phi}_{F}^{\langle\kappa 1)}$ ,
$\hat{\phi}_{LF}^{(n- l)},\hat{\phi}_{F}^{(n-2)},\hat{\phi}_{LF}^{(n-2)}$
$\hat{\eta}_{F}^{(n)}=\frac{1}{1-\rho}[(4-v\frac{\partial}{\partial X_{1}})(p\hat{k}_{F}^{(n-1)}-\hat{\phi}_{LF}^{(n-1)})+(\lambda_{2}-v\frac{\partial}{\partial X_{2}})(\rho\hat{\phi}_{F}^{(n-2)}-\hat{\phi}_{LF}^{(n-2))]_{z4}}$, (51)
. $[$ $]_{z=0}$ $z=0$ .
(45)-(49) ( (51)) $(\hat{\phi}_{F}^{(n)},\hat{\phi}_{LF}^{(n)})(n=1,2,\cdots)$ .






$n=3,4,\cdots$ , $I^{(n)},$ $J^{(n)},$ $K^{(n)}$
:
$- \int_{0}^{D}I^{(n)}\ = \mathfrak{c}_{1}J^{(n)}\ =K^{(n)}$ . (53)
$n=3$ , (53)
$[(v^{2}-c^{2}) \frac{\partial^{2}}{\partial X_{1}^{2}}-2v4\frac{\partial}{\partial X_{1}}+4^{2}+c^{2}](\rho\hat{h}_{F}^{(1)}-\hat{\phi}_{IF}^{(1)})=0$ , (54a)
$( \frac{\partial^{2}}{\partial X_{1}^{2}}-1)(D\hat{\phi}_{F}^{(1)}+\hat{\phi}_{LF}^{(1)})=0$ . (54b)




$q,\overline{q},$ $r,\overline{r}$ $X_{2}$ , $k,\overline{k}$




$\sqrt{1-\frac{v^{2}-c^{2}}{|A_{1}|^{2}}}(<1)$ if $- \frac{vE}{v^{2}-c^{2}}<\frac{dE}{dv}<0$ ,
$\sqrt{1+\frac{v^{2}-c^{2}}{|4|^{2}}}(>1)$ if $\frac{dE}{dv}>0$ .
(57)
$q_{:}\overline{q},$ $r,\overline{r}$ , .
(53) $n=4$ ,
$[(v^{2}-c^{2}) \frac{\partial^{2}}{\partial X_{1}^{2}}-2v4\frac{\partial}{\partial X_{1}}+4^{2}+c^{2}](\rho\hat{\phi}_{F}^{(2)}-\hat{\phi}_{IF}^{(2)})$
(58a)
$=2[-(v^{2}-c^{2}) \frac{\partial^{2}}{\partial X_{1}\partial X_{2}}+\sqrt 4\frac{\partial}{\partial X_{2}}+\lambda_{2}\frac{\partial}{\partial X_{1}})-\lambda_{1}\lambda_{2}]\iota_{\hat{h}_{F}^{(1)}}-\hat{\phi}_{LF}^{(1)})$
$( \frac{\partial^{2}}{\partial X_{1}^{2}}-1)(D\hat{\phi}_{F}^{(2)}+\hat{\phi}_{LF}^{(2)})^{\ovalbox{\tt\small REJECT}+\hat{\phi}^{(1)}}=-2^{\partial^{2}D^{(1)}}\partial X_{1}^{\wedge}\partial X_{2}$.
.
(58b)
$(\hat{\phi}_{F}^{(2)},\hat{\phi}_{LF}^{(2)})$ (58a,b) $X_{1}$ ,
. ,
$q=a_{\pm} \exp(\frac{v+c/\beta}{v^{2}-c^{2}}A_{2}x_{2})$ , $\overline{q}=\overline{a}_{\pm}\exp(\frac{v-c/\beta}{v^{2}-c^{2}}\lambda_{2}x_{2})$ , $(59a,b)$
$r=b_{\pm}$ , $\overline{r}=\overline{b_{\pm}}$ . $(59c,d)$
(55a b) . $a_{+},\overline{a}_{+},$ $b_{+},\overline{b_{+}}$ $X_{1},X_{2}>0$ , $a_{-},\overline{a}_{-},$ $b_{-}$ ,




(IXII,IX2I<<1) , $(\hat{\phi}_{F}^{(n)},\hat{\phi}_{IF}^{(n)},\hat{\eta}_{F}^{(n)})$ $X_{1}(=\alpha)$ $X_{2}(=\epsilon^{2}x)$
,
$\hat{h}_{F}^{(n)}=(\hat{h}_{F}^{(n)}1+\epsilon\psi\frac{\partial\hat{h}_{F}^{(n)}}{\partial X_{1}})_{0^{+\epsilon^{2}}}[\frac{x^{2}}{2}(\frac{\partial^{2}\hat{h}_{F}^{(n)}}{\partial X_{1}^{2}})_{0^{+x}}(\frac{\partial\hat{h}_{F}^{(n)}}{\partial X_{2}}1_{0}]+\cdots\cdot$ (60)
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$\hat{h}$
$(\hat{\phi},\hat{\phi}_{L},\hat{\eta})$ , $(\cdots)_{0}$ $X_{1}=X_{2}=0$ .
$(\hat{\phi}_{UF},\hat{\phi}_{LF},\hat{\eta}_{F})$
$\epsilon$ ,
$(\hat{k}_{F}^{(n)},\hat{\phi}_{LF}^{(n)},\hat{\eta}_{F}^{(n)^{l}})$ . , $\epsilon^{2}$ ( ))
$(\hat{\phi}_{UF}^{(2)})_{0}+x(\partial\hat{\phi}_{F}^{(1)}/\partial X_{1})_{0}$ . , $(\hat{\phi}_{c}^{(n)},\hat{\phi}_{LC}^{(n)},\hat{\eta}_{c}^{(n)})$
$(\hat{\phi}_{F}^{(n)},\hat{\phi}_{IF}^{(n)},\hat{\eta}_{F}^{(n)})$ . ,
$k_{c}^{(n)}\wedge 1_{arrow\pm\infty)}=\hat{\phi}_{UF}^{(n)},$ $[\hat{\phi}_{LC}^{(n)}\downarrow_{arrow\pm\infty}=\hat{\phi}_{LF}^{(n)},$ $\lfloor_{\hat{\eta}_{C}^{(n)}}\iota_{arrow\pm\infty}=\hat{\eta}_{F}^{(n)^{r}}.$ (61)
.
$n=1$ , $\hat{\phi}_{F}^{(1)^{*}}=(\hat{\phi}_{F}^{(1)}\lambda$ $\hat{\phi}_{LF}^{(1\gamma}=(\hat{\emptyset}_{LF}^{(1)}\lambda$ ,
$h_{lC}^{\wedge}(1)1_{arrow\pm\infty}=-\frac{a_{\pm}+\overline{a}_{\pm}}{D}+b_{\pm}+\overline{b_{\pm}}$ , (62a)
$\psi_{LC}^{\wedge}(1)\lfloor_{arrow\pm\infty}=a_{\pm}+\overline{a}_{\pm}+\rho(b_{\pm}+\overline{b_{\pm}})$ , (62b)
(55a b) $(59ad)$ .
$n=2$ , $\hat{\phi}_{F}^{(2)}=(\hat{\phi}_{F}^{(2)}\lambda+x(\partial\hat{\phi}_{F}^{(1)}/\partial X_{1}1$ , $\hat{\phi}_{LF}^{(2)}=(\hat{\phi}_{LF}^{(2)}\lambda+x(\partial\hat{\phi}_{LF}^{(1)}/\partial X_{1})_{0}$ , $’\supset$
$x$ $x$ . (X
) . ,
$1 \hat{u}_{UC}^{(2)}1_{arrow\pm\infty}=\frac{\beta 4}{c}(-a_{\pm}+\overline{a}_{\pm})-D(b_{\pm}-\overline{b}_{\pm})$ , (63a)
$[ \hat{u}_{LC}^{(2)}\lfloor_{arrow\pm\infty}=\frac{\beta 4}{c}(-a_{\pm}+\overline{a}_{\pm})+\rho(b_{\pm}-\overline{b_{\pm}})$ , (63b)
(41ab) $l\ell_{UC2}\wedge$ $\hat{u}_{LC2}$ , (51), $(55a,b),$ (59a-d) .
(22) , ($55a$ b) $q\exp(kY_{1})$ $\overline{q}\exp(\overline{k}X_{1})$
${\rm Re}[4+\epsilon\lambda_{2}]$ ,
$a_{+}=\overline{a}_{+}=b_{+}=\overline{b_{-}}=0$ when ${\rm Re}[4+\epsilon\lambda_{2}]>0$ , (64a)
$a_{-}=\overline{a}_{-}=b_{+}=\overline{b_{-}}=0$ when ${\rm Re}[4+\epsilon h]<0$ , (64b)
. , 12 $k_{c}^{(1)}\wedge|_{xarrow\infty},$ $\psi_{LC}^{\wedge}(1)barrow\infty$ , $[\hat{u}_{UC}^{(2)1_{x\infty}},$ $|\hat{u}_{LC}^{(2)1_{x\infty}}$ , $a_{\pm},\overline{a}_{\pm}$ ,
$b_{\pm}$ , $\overline{b}_{\pm}$ $(k_{c}^{(1)}\wedge\rfloor_{x-}, \psi_{LC}^{\wedge}(1)|_{xarrow-\infty},$ $[\hat{u}_{UC}^{(2)1_{rarrow-\infty}}$ , $\lfloor\hat{u}_{LC}^{(2)\rfloor_{xarrow-\alpha\rangle}\#h(42a- d)}$ ) $(62a,b)$,
$(63a,b).(64a)$ \langle (64b) 12 . , ${\rm Re}[4+\epsilon\lambda_{Z}]>0$ ,




$b_{-}=- \overline{b_{+}}=-\frac{\lambda_{1}d}{\rho(p+D)dv}(\frac{T_{U}+\rho T_{L}}{v})$ , (65h)
, ${\rm Re}[4+\epsilon\lambda_{2}]<0$ ,
105









$b_{-}=- \overline{b_{+}}=-\frac{4d}{p(\rho+D)dv}(\frac{T_{U}+\rho T_{L}}{v})$ , (66h)




$\lambda_{2}=\{\begin{array}{ll}\pm Q+\frac{4^{v}}{\rho(p+D)dE/dv}[\frac{d}{dv}(\frac{T_{U}+\rho T_{L}}{v})]^{2} if Q<0,no solution if Q>0.\end{array}$ (67b)
,
$Q= \frac{v^{2}E}{2(dE/dv)^{2}}(\frac{dM}{dv}-\frac{MdE}{Edv})\frac{d\Omega}{dv}$ . (68)
(25), (39), (67a,b) $\lambda$ $\epsilon$ 2 .
, (26a-c), (24), (36) , (44a-c), $(55a,b),$ (59a-d) (65e-h)
(66e-h) , $\epsilon$ 1 . 2 , $(4la,b)$
$(65c,d)$ $L$, \langle (66c,d), $n=2$ (51) $\hat{u}_{UC}^{(2)},\hat{u}_{LC}^{(2)},\hat{\eta}_{C}^{(2)}$ .
$p=0$ , ( (39), (67b)
(68) Kataoka&Tsutahara (2004) (3.11), (3.39), (3.40) ).
(39) (67b) $dE/dv<0$ $Q<0$ , $\lambda$ .
, ,
$\frac{dE}{dv}<0$ or $Q<0$ , (69)
. , 1 .





&Kakutani 1970; Benjamin 1972; Kuznetsov 1984; Weinstein 1986; Bona, Souganidis &Strauss
1987), , 1
$dE/dv=0$ (Kataoka, 2006). (13) , $dE/dv=0$
:
$\frac{dE}{dv}<0$ or $\frac{dMd\Omega}{dvdv}<0$ (70)
$| \frac{dM}{dv}|>|\frac{MdE}{Edv}|$ . (71)
(70) (13) , (71) $dE/dv=0$ $|dE/d\sqrt{}$ .
(70) (71) , (69)
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